




















Hidden-setor fermions in two or three generations.
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Abstrat
We reall the argument based both on Dira's square root proedure and an intrinsi
Pauli priniple that sterile fundamental fermions with spin 1/2 (sterinos) ought to appear
in Nature in two or three generations, while the Standard Model leptons and quarks
are fored to develop three generations. Then, sterinos in two or three generations, if
stable, lead to the old dark matter in two or three speies, when the thermal freeze-out
mehanism works properly. If they are stable only in their lowest generation, the so alled
exiting old dark matter may be formed.
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1. Introdution
The global interpretation of reent, still preliminary results of diret (e.g. DAMA)
and indiret (e.g. PAMELA and, perhaps, INTEGRAL) detetion experiments for the
old dark matter [1℄ suggest that there may be more than one of its speies with dierent
masses [2℄. Moreover, the higher-mass speies may be not neessarily stable: they may
be ollisionally exited and deay afterwards, leading to the so alled exiting old dark
matter [3℄.
In the rst Ref. [4℄, where we onsidered sterile spin-1/2 fermions (sterinos) as the
stu whose thermal freeze-out reli provides today's old dark matter, we pointed out
that they may appear in more than one generation. This ould be onsistent with the
reent interpretative suggestion about the multiple struture of old dark matter.
At any rate, we an readily extend our detailed model of the hidden setor of the
Universe desribed in Refs. [4℄, assuming that among its omponents, namely sterile
spin-1/2 fermions (sterinos) and spin-0 bosons (sterons), the former appear in two or more
generations (then, in our formalism there are two or more dimensionless onstants ζ as well
as ξ, but still one dimensionless onstant η  f. the last Ref. [4℄ for the option with one
sterino generation, and footnote
∗
for the extension). The nonzero vauum expetation
value of steron eld generates spontaneously sterino masses (as well as a steron mass).
Interations within the hidden setor are mediated by the massive antisymmetri-tensor
eld Aµν (of dimension one), whereas this setor ommuniates with the Standard Model
setor (after the eletroweak symmetry is spontaneously broken by the Standard Model
Higgs bosons) through the photoni portal. This portal is provided by the eletromagneti
eld Fµν = ∂µAν − ∂νAµ inluded (besides the sterino and steron elds, ψ and ϕ) into
the soure of mediating eld Aµν . A mass of quanta of the eld Aµν  expeted to
introdue into our model a large mass sale  is also generated spontaneously by the
nonzero expetation value of the steron eld. This nonzero value produes spontaneously
sterino magneti moments as well [4℄, whih an make of the old dark matter (omposed
of sterinos) a weakly magnetized medium in external magneti elds (appearing loally
in the Universe)
∗
In suh a model, the thermal freeze-out reli of sterinos in two or more generations
is a andidate for old dark matter. This requirement onstrains strongly masses of
sterinos, sterons and quanta of the eld Aµ ν (f. Refs. [4℄ for the option with one sterino
generation). In the simplest ase, sterinos in two or more generations are stable, leading
to stable old dark matter in two or more speies. But, some transitions between sterino
generations, if allowed, may produe the exiting old dark matter instead.
∗
Our formalism for two or more sterino generations goes as follows. Before the spontaneous
mass generation for sterinos, sterons and quanta of the eld Aµν , the eletromagneti Lagrangian
−(1/4)FµνFµ ν − jµAµ supplemented by the hidden-setor Lagrangian with two or more sterino gen-







































where V (ϕ) ≡ −(1/2)µ2ϕ2 + (1/4)λϕ4 and ϕ ≡<ϕ>vac +ϕ(ph). After the spontaneous mass generation






(−µ2 + λ <ϕ>2vac) = 0 , <ϕ>vac= µ2λ
(in the tree approximation). For Fµ ν and Aµ ν , the Lagrangian L leads to the eld equations
∂ν(Fµν +
√
















with Fµν = ∂µAν − ∂νAµ. They may be alled supplemented Maxwell equations. Here, Fµν and jµ
are the Standard Model eletromagneti eld and eletri urrent (Fµν appears after the eletroweak
symmetry is spontaneously broken by the Standard Model Higgs bosons and photons emerge). The
masses, spontaneously generated by <ϕ>vac, are mψi ≡ ξi <ϕ>vac, mϕ ≡
√
2λ <ϕ>vac and MA ≡√
η/2 <ϕ>vac. The sterino magneti moments, also spontaneously generated by <ϕ>vac, are given







ψi = 0 ,
whih in the reoil-free approximation of Aµν ≃ [2
√
f/(η <ϕ>vac)]Fµν = [2
√
fξi/(ηmψi)]Fµν (with





µν ≃ [f ζi ξi/(ηmψi)]σµνFµν ≡ µψiσµνFµν .
Here, µψi ≡ fζiξi/(ηmψi) are the sterino magneti moments. They are spontaneously generated for
eletrially neutral sterinos.
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The aim of the present note is to invoke a previous work [5℄ and show that the existene
in Nature of two or three generationsmay be natural for some fundamental sterile spin-1/2
fermions, whereas three generations are natural for Standard Model leptons and quarks.
At any rate, suh multipliities of generations appear neessarily if the fundamental matter
partiles are formed in Nature in onsisteny with Dira's square root proedure
√
p2 → Γµpµ , (1)
where the Dira algebra
{Γµ , Γν} = 2gµν (2)
is satised, and if an intrinsi Pauli priniple holds. The rst requirement implies for free
fundamental matter partiles the wave equation in the general form of free Dira equation
(Γ · p−M)ψ(x) = 0 . (3)
As we shall see, the seond requirement will restrit the form of wave funtion ψ(x).
2. Intrinsially omposite model for fundamental matter partiles
To justify our laim, note that the general Dira matries Γµ satisfying Eq. (2) an







i (N = 1, 2, 3, . . .) (4)









= 2gµνδij (i, j = 1, 2, . . . , N) . (5)
Then, the free Dira equation (3) beomes [5℄
(
Γ(N) · p−M (N))ψ(N)(x) = 0 (N = 1, 2, 3, . . .) . (6)
3
For N = 1, Eq. (6) is the ordinary Dira equation, while for N = 2 it is known as
the Dira form [6℄ of Kähler equation [7℄. For N = 3, 4, 5, . . . it gives us new Dira-
type equations [5℄. When N is odd or even, it desribes spin-half-integer or spin-integer
partiles, respetively (for N = 2, 3, 4, . . . it is spin-reduible).
Now, in plae of the omponent Cliord matries γ(N)µ (i = 1, 2, . . . , N) we an use
their Jaobi-type ombinations Γ
(N)µ


























2 + . . .+ γ
(N)µ
i−1 − (i− 1)γ(N)µi
]
(i = 2, 3, . . . , N) . (7)








= 2gµνδij (i, j = 1, 2, . . . , N) , (8)
isomorphi with the Cliord algebra (5) of γ
(N)µ
i (i = 1, 2, . . . , N) .















j ≡ iγ(N)0j Γ(N)1j Γ(N)2j Γ(N)3j , (9)


















j ≡ εklmΣ(N)mj , Σ(N)0lj ≡ iΓ(N)5j Σ(N)lj (k, l = 1, 2, 3) . (11)
Making use of the hiral representation of all Jaobi-type matries Γ
(N)µ





i (i = 1, 2, . . . , N) are diagonal, we an redue the general free
Dira equation (6) to the form
(





(x) = 0 (12)
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In the wave funtion ψ
(N)
α1α2...αN (x) the numbers αi = 1, 2, 3, 4 (i = 1, 2, . . . , N) denote
N Dira bispinor indies in the hiral representation of all Γ
(N)µ
i (i = 1, 2, . . . , N). We
an see that α1 may be alled the "entre-of-mass" bispinor index and α2 , . . . , αN 
the "relative" bispinor indies. Evidently, both notions have an intrinsi harater, be-
ause the onstituents of fundamental partiles, appearing here, are the bispinor indies
α1 , α2 , . . . , αN being algebrai objets rather than spatial ones (f. Eq. (13)).
3. Fundamental matter partiles with Standard Model gauge harges
The Standard Model gauge interations an be introdued into the general free Dira
equation (6) or (12) through the minimal substitution p → p − gA(x), where p plays
the role of the "entre-of-mass" four-momentum, while x represents the "entre-of-mass"
position. Then, the arising wave equation an be redued in our hiral representation to
the form [5℄
{





(x) = 0 , (14)
where gγ · A(x) symbolizes the Standard Model gauge oupling. It involves within A(x)
the familiar weak-isospin and olor matries, the weak-hyperharge dependene as well
as the ordinary Dira hiral matrix γ5 ≡ iγ0γ1γ2γ3 [8℄. The Standard Model labels are
suppressed in our notation.
We an see that in Eq. (14) the "entre-of-mass" bispinor index α1 is distinguished
from all "relative" bispinor indies α2, . . . , αN both by its dynamial oupling to the
Standard Model gauge harges and its kineti oupling to the four-momentum p. On
the other hand, all α2, . . . , αN indies, being unoupled, are mutually undistinguishable.
Thus, it is natural to postulate that the "relative" bispinor indies α2, . . . , αN , treated
as intrinsi physial objets, obey the Fermi statistis along with the intrinsi Pauli
priniple requiring full antisymmetry of matter wave funtion ψ
(N)
α1α2...αN (x) with respet
to all α2, . . . , αN indies.
5
Then, however, only three sorts of fundamental matter partiles orresponding to the
wave funtions





ψ(3)α1 (x) , ψ
(5)
α1α2α3α4α5
(x) ≡ εα2α3α4α5ψ(5)α1 (x) (15)




(x) ≡ εα2α3α4α5ψ(4)α1α5(x) , (16)
for integer spin (here, (γ5C)
T
= −γ5C). The former arry always spin 1/2, the latter an
have a priori spin 0,1,2.
This result has been suggested [5℄ as a fundamental argument for the existene in
Nature of three and only three lepton and quark generations. It is also an argument
for there being in Nature two and only two generations of fundamental matter partiles
with integer spin and Standard Model harges like those of leptons and quarks. If the
Standard Model Higgs boson is not a matter partile  being rather a messenger partile
like Standard Model gauge bosons  it does not belong to either of these two matter
generations with integer spin.
4. Sterile fundamental matter partiles
When the "entre-of-mass" bispinor index α1 of ψ
(N)
α1α2...αN (x) is not dynamially ou-
pled to the Standard Model gauge harges (i.e., the orresponding sterile partiles arry
no suh harges), then the matter wave equation takes the form (12), where the α1 in-
dex is distinguished from all α2, . . . , αN indies only by its kinemati oupling to the
four-momentum p. Then, the previous requirement of full antisymmetry valid for all
α2, . . . , αN an be extended also to α1, if and only if Eq. (12) is replaed by a form, where










(x) = 0 . (17)
In partiular, for N = 3 Eq. (17) takes the form
6
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βαα′(x) = −ψ(3)βα′α(x) ab initio. Sine α1 does not dier physially from all α2, . . . , αN
in the absene of its dynamial oupling, it is natural to postulate for sterile matter
partiles the full antisymmetry of matter wave funtion ψ
(N)
α1α2...αN (x) with respet to all
α1 , α2 , . . . , αN indies, and hene, our wave equation in the form (17).
In this ase, only two sorts of fundamental matter partiles orresponding to the wave
funtions
ψ(1)α1 (x) , ψ
(3)
α1α2α3
(x) ≡ εα1α2α3α4ψ(3)α4 (x) (19)
an exist for half-integer spin, and also only two, orresponding to
ψ(2)α1α2(x) ≡ (γ5C)α1α2ψ(2)(x) , ψ(4)α1α2α3α4(x) ≡ εα1α2α3α4ψ(4)(x) , (20)
for integer spin. They arry always spin 1/2 and spin 0, respetively.
We have presented above a piture of sterile fundamental partiles as it might look like,
if these partiles were nonative not only with regard to the Standard Model gauge intera-
tions, but also to all other possible interations inluding familiar gravity and hypotheti
hidden-setor interations. Assuming that in our intrinsi model these extra interations
exist eetively and are oupled to the "entre-of-mass" degrees of freedom, we get the
situation, where the "entre-of-mass" bispinor index α1 is always distinguished from all
"relative" bispinor indies α2 , . . . , αN and the latter are mutually undistinguishable.
Then, there exist three generations of sterile spin-1/2 fermions and two generations of
sterile spin-0,1,2 bosons, orresponding to the wave funtions of the form (15) and (16),
respetively. In this ase, the wave funtions (19) and (20) are not realized. We an
believe that this interating piture of sterile fundamental partiles is more realisti. In a




The fundamental matter partiles with spin 1/2 and spin 0 desribed in Setion 4 are
sterile with regard to the Standard Model gauge harges and so, belong to the hidden
setor of the Universe. Two or three former, fermions with spin 1/2, if stable, may be
responsible for the old dark matter in two or three speies, formed up as their thermal
freeze-out reli. If the higher-mass speies are not neessarily stable, they may lead to
the exiting old dark matter. Our sterinos in two or three generations, disussed in
Introdution, an be identied with these two or three sterile matter partiles with spin
1/2†. Two latter of the sterile matter partiles, bosons with spin 0, if unstable (as may be
expeted), annot provide the stu for the old dark matter. If our steron, also onsidered
in Introdution, is not a matter partile  being rather a messenger partile like, probably,
the Standard Model Higgs boson  it annot be identied with either of these two sterile
matter partiles with spin 0.
However, we would like to emphasize that the results (15), (16) and (19), (20) 
whih demonstrate, under our requirements, the existene of spei multiple generations
of fundamental matter partiles both with and without Standard Model gauge harges 
are obtained independently of our model of hidden setor [4℄ involving sterinos, sterons
and quanta of the mediating eld Aµν .
An essential ingredient of our model is the sterile mediating eld Aµν whih inter-
ats weakly with the eletromagneti eld Fµν through the bilinear form
√
f(ϕFµν +∑
i ζiψ¯iσµνψi) (the soure at Aµν), and so opens the photoni portal between Standard
Model and hidden setors. This portal is onneted with sterino magneti moments spon-
taneously generated by <ϕ>vac 6= 0 and oupled to Fµν . One may mention that the phrase
"shedding light on dark matter", used neatly in the title of Ref. [10℄ in onnetion with
the hypotheti magneti moment of old dark matter, haraterizes literatim the situa-
tion in our model of hidden setor [4℄, where a narrow photoni portal allows for a weak
transmission of light to and from the eletrially neutral dark matter.
†
In one of earlier papers [9℄, we onsidered the option, where two light sterile neutrinos, possibly
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